According to Daday (1910a) , the identification of Chirocephalus diaphanus carinatus relies on the appearance of the second antennae and antennal appendages of the male, and on the presence of more or less developed dorsolateral outgrowths, in the shape of tubercles, ornamenting some thoracic metamers and the genital segments of the female (see also Brtek, 1966) . However, from the analysis of the available literature (Pesta, 1921; Botnariuc and Orghidan, 1953; Brtek, 1962 Brtek, , 1966 Cottarelli and Mura, 1974; Marincek and Petrov, 1995) , it became clear that proper distinction is not always evident.
As to the female diagnostic characters, in particular, a great variability was observed in the number and position of the outgrowths formerly described by Daday (1910b) on the thoracic metamers; moreover, their taxonomical value is put into discussion by the fact that such outgrowths were observed in a few populations of the typical form as well Marincek and Petrov, 1995) . Similar population-dependent variation was shown in the dorsolateral outpocketing on the abdominal segments (Cottarelli and Mura, 1974) .
These observations led to the conclusion that "the subspecies situation seems hazy" and is in need of a revision (Belk and Brtek, 1995) .
For the present study, we wanted to compare the morphology of resting eggs of C. diaphanus carinatus populations within the subspecies distribution area using scanning JOURNAL OF CRUSTACEAN BIOLOGY, 22(1): 162-172, 2002 MORPHOLOGICAL VARIATION AMONG CHIROCEPHALUS DIAPHANUS CARINATUS POPULATIONS (ANOSTRACA) FROM THE BALKAN AREA Graziella Mura, Paola Zarattini, and Svetozar Petkowski (GM, correspondence) 
A B S T R A C T
Morphological variation in resting-egg pattern is examined in 43 populations of Chirocephalus diaphanus carinatus from the Balkan area and is discussed in relation to geographic location. In spite of a great variation in male and female key-characters, even at the individual level, distinct and apparently constant resting-egg patterns was revealed for each population, irrespective of distribution. Such a contrasting situation stresses the need for further research at genetic or molecular level in order to ascertain the validity of the subspecies ranking, previously put into question by Belk and Brtek. 
RESULTS
The SEM analysis of the resting eggs of the populations listed in Table 1 revealed three distinct patterns: the first one identical to that previously described for Chirocephalus diaphanus Prévost, 1803 (Hall and Mac Donald, 1975 ); a second one very spiny in appearance, similar to that of Chirocephalus ruffoi Cottarelli and Mura, 1984 (see Mura, 1986) , Chirocephalus reiseri Marcus, 1913 (Fig. 4: 1-3), or Chirocephalus carnuntanus Brauer, 1877 Thiéry et al., 1995) ; and a third one recalling the bumpy pattern typical of Chirocephalus chyzeri Daday, 1890 (Fig. 6: 1-2) or Chirocephalus slovacicus Brtek, 1971 (see Thiéry et al., 1995 .
Within each of these patterns variation existed to a different extent. As to the "diaphanus pattern" (Figs. 2, 3) characterised by regular and uniform ridges forming polygonal fields, eight of the 12 populations exhib-ited high or very high ridges (Table 1; Fig. 2), thus resembling the pattern of the C. diaphanus mountain populations described in Mura (1991) . In the remaining four populations (Loznani, Macedonia; Ponor, Belicko; and Ludogorie, Bulgaria), the ridges were much less developed and stronger than in the plain populations of the typical form (Mura, 1991) (Fig. 3 ) and closer to the patterns of Chirocephalus tauricus Pesta, 1921, and Chirocephalus appendicularis Vavra, 1905 (Fig. 3 ).
Within the "spiny pattern" (Figs. 4, 5), characterising 28 C. diaphanus carinatus populations (Table 1) , a higher amount of variation was noticed. The spines emerging from the surface of the tertiary envelope differed as to height and density. The majority of these populations (24) exhibited a pattern close to C. reiseri ( Fig. 4 : 1-6); four were more densely spinulated (Bogicevica, Musala, Pirin, and Treskavica) ( et al., 1995) , having very high and irregular spines ( Fig. 5: 4-12) .
In a third group of three populations (Bistra Mountains, Katlanovo marsh, and (Table 1) , the surface of the resting egg had a bumpy appearance ( Fig  6: 3-4 ; 7-8), but enlarged detail of the resting eggs from Bistra population showed some differences as compared with the above mentioned C. slovacicus and C. chyzeri (Fig. 6 : 1-2; 5-6), in that each of the bulbous protuberances have a finely toothed end. Nine additional samples were initially available, but for these no data could be obtained, because the females were devoid of eggs or eggs were incompletely formed.
The SEM and optical microscopic observations on the adult specimens confirmed the previously noticed variation of male and female key-characters: number and shape of the projections on the basal outgrowth of the distal segment of male second antenna, shape and ornamentation of processus basalis penis; number and shape of dorsolateral outpocketings on female trunk. Moreover, a well-defined pattern of female trunk ornamentation did not correspond uniformly with any of the cyst types described.
DISCUSSION
The extent of morphological variation in traditional taxonomical characters, as well as the generally low number of specimens avail-able for study, sometimes made it difficult to distinguish sister species, due to the impossibility to define the range of normal variability of the characters examined within a taxon. This was the case, for example, for Streptocephalus torvicornis Waga, 1842, subspecies (Dumont et al., 1991 (Dumont et al., , 1995 or for two species of the genus Branchipus: B. schaefferi Fischer, 1834, and B. visnyai Kertész, 1956 . For the latter species, in particular, the question is still open, because two contrasting opinions exist: one considering B. visnyai as a distinct species (Cottarelli, 1969; Lanfranco et al., 168 JOURNAL OF CRUSTACEAN BIOLOGY, VOL. 22, NO. 1, 2002 Fig. 5 . "spiny pattern" (C. carnuntanus): 1-3, C. diaphanus carinatus Treskavica (Belo Ezero); 4-6, C. carnuntanus; 7-9, C. diaphanus carinatus Sofia (Boris Garden); 10-12, C. diaphanus carinatus Zapolzani.
Downloaded from https://academic.oup.com/jcb/article-abstract/22/1/162/2664362 by guest on 26 September 2019 1991) and the other considering it as an expression of the variation occurring in B. schaefferi (see Marincek and Petrov, 1991; Belk and Brtek, 1995; Petkowski, 1997) .
The populations of C. diaphanus carinatus and the other subspecies described by Stoicescu (1992) , Chirocephalus diaphanus romanicus, share many of the taxonomically Fig. 6 . "bumpy pattern": 1-2, C. slovacicus (Slovakia); 3-4, C. diaphanus carinatus Bistra; 5-6, C. chyzeri (Slovakia); 7-8, C. diaphanus carinatus Jakupica.
important characters with some populations of the typical form described by Daday (1910a) , although they are all characterised by a marked variability, previously emphasized also by Daday (1910b) , as to female dorsolateral trunk outgrowths.
Recent studies (Belk and Brtek, 1995; Marincek and Petrov, 1995) that put into question the subspecies ranking received further support by the finding that variability can be enhanced due to preservation methods and age of the sample (Brtek, 1966; Beladjal and Mertens, 1999) . So, the validity of the subspecies ranking seems doubtful.
Another example of a case where morphological variation in traditional characters inhibits clear-cut distinction between nominal taxa was presented in a study on a closely similar Streptocephalus species group (S. macrourus Daday, 1908; S. vitreus Brauer, 1877; S. bidentatus Hamer and Appleton, 1993; and S. cf. bidentatus Brendonck and Riddoch, 1997 ) (see Brendonck and Hamer, 1999) . In that study the most outstanding morphological variation concerned the armature of antennal finger, and the setulation of the furca and the telsonic processes. On the contrary, only slight variation was apparent as to egg-shell morphology (see Fig. 2 in Brendonck and Hamer, 1999) , the different egg-types previously recorded for S. macrourus (two) and S. vitreus (three) (see Brendonck and Coomans, 1994a, b) having been inexplicably omitted in the analysis. Based on a very accurate examination of male-characters pattern of expression and on the peculiar distribution pattern of the four morphs, ongoing speciation was hypothesized, although a hybrid origin of the morphs could not be definitely rejected. Hybridization was assumed in a previous paper to explain an odd egg morphology intermediate between the S. macrourus and the S. vitreus egg types, which was found in S. macrourus (see Fig. 10 in Brendonck and Coomans, 1994a) .
As to resting-egg morphology in Anostraca, a certain degree of intraspecific variation in surface ornamentation was previously mentioned (Mura, 1991 (Mura, , 1992 Brendonck and Coomans, 1994a, b) and was revealed even at the individual level by the observations of Nagorskaja et al. (1998) among some Chirocephalus josephinae Grube, 1853, populations from Belarus (cf. Plate IV in Nagorskaja et al., 1998) .
In the case here presented, however, variation recorded in the egg-shell morphology among Chirocephalus diaphanus carinatus populations is striking, in that completely different patterns (ridges, spines, bulges) have been recorded within the supposedly same taxon. This seems to contrast the opinion that a species is characterised by a relatively constant morphology of the mature cyst over its whole distribution . Our findings are also not in agreement with the statement that the extent of variation depends on the size of the distribution area . For example, C. josephinae displays a much more uniform and constant pattern over a wider home-range than C. diaphanus carinatus, which has a more restricted distribution.
Because speciation is suggested to be the result of divergence in the fertilization systems of organisms (Paterson, 1985) , characters most directly symptomatic of species and speciation must still be sought in structures related to sexual reproduction (Vrba, 1985) . In our case, however, unlike in the case of the Streptocephalus species, no clear-cut patterns could be outlined in the male characters for the C. diaphanus carinatus populations we examined.
On the other hand, if it is true that characters based on cysts are particularly useful, because they are independent of sexual selection unlike other morphological characters used in anostracan taxonomy (Belk, 1991; Belk et al., 1998) , than we should assume that different units exist within the group of populations examined in this study to explain the variation recorded in cyst morphology.
As previously stressed (Brendonck and Hamer, 1999) , the question needs a different approach at the genetical or biomolecular level (allozymes, PCR-DNA) to be answered, at least in part. In this respect, it is interesting to note that genetical analysis on two C. ruffoi Cottarelli and Mura, 1984, populations (from northern an southern Italy, respectively) showing subtle phenotypical differences (particularly as to cyst morphology) revealed a relatively high level of genetic differentiation (Zarattini et al., 2001) , indicating the lack of gene flow.
The present case of wide variation in egg morphology is hard to explain due to the number of "egg patterns" recorded and considering their pattern of distribution, which is apparently unrelated to altitude above sea level and geographical position (Table 1, Fig.  1 ). The egg patterns do not match; in fact, geographic patterns and isolation by distance or altitude does not correspond with a corresponding shift in egg type. Clear examples can be seen in the distributions of the "bumpy pattern" typical for the populations from Katlanovo (250 m a.s.l.), Jakupica and Bistra (1,700 m and 2,100 m, respectively), and different sites of Macedonia, or of the "tauricusappendicularis pattern" typically characterising Ponor (800 m a.s.l.), Third Belicko Ezero (over 2,000 m a.s.l.) and Ludogorie (200 m a.s.l.) populations, occurring at very different altitudes and in sites far from each other in Bulgaria. The same is true for the "spiny reiseri pattern" as well (see Table 1 , Fig. 1 ), occurring both in Macedonia (ricefields) and in Bulgaria and Bosnia Herzegovina (mountains). The egg types observed are similar to those typical of Chirocephalus species mostly occupying nearby areas (Fig. 1) , but there are no contact zones or overlapping ranges (if we exclude the widely distributed Chirocephalus diaphanus Prévost, 1803) like it was in the case for Streptocephalus species investigated by Brendonck and Hamer (1999) . So that it seems hazardous, given present knowledge, to suppose that natural hybrids could occur, as previously found in the case of several Streptocephalus species (Wiman, 1978 (Wiman, , 1979 .
